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ABSTRACT

Temperature-sensitive color-changing materials, called thermochromic materials,
reversibly change the color of goods under an external stimulus, i.e., temperature.
These materials are used to prepare smart textiles due to color changes in a certain
temperature range. Different thermochromic materials are available, which can be
classified into direct and indirect. The mechanism of color change in direct
thermochromic systems is molecular rearrangement, change in crystal structures, and
stereoisomerism. In contrast, the mechanism of color change in indirect systems is
halochromism or ionochromism. Thermochromic materials change color repeatedly
and reversibly with increasing and decreasing temperature and can change from
colored to colorless or vice versa or from one color to another. These materials can
be combined with normal dyes to obtain newer colors. Thermochromic colorants
cannot be used directly on textiles due to their high environmental sensitivity and low
reactivity. Usually, their components are stabilized by different microencapsulation
methods. These materials are used to produce smart textiles through dyeing or
printing. Smart textiles are used in various fields, such as wearable displays, sensors,
camouflage materials, anti-counterfeiting methods, and military industries. Textiles
printed with thermochromic microcapsules have good stability against washing but
are very sensitive to light, solvents, and high temperatures and are destroyed.
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Figure 1: Color change of a thermochromic material due to changing
environmental conditions (19).
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Figure 2: Mechanism of reversible color formation of indirect thermochromic material (20).
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Figure 4: Schematic illustration of the operation principle of a leuco dye-based thermochromic (29).
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Figure 5: Mechanisms of keto-enol tautomerism (22).
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Thermochromic
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Figure 6: Color change of thermochromic materials at different
temperatures (37).
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Table 1: Summary of publications of Thermochromic materials.

Chromic compound

Characteristics

Thermochromic Rose red TF-R1 pigment and crystal violet

lactone pigment

Thermochromic Microcapsules containing thermochromic
and phase change phase change materials and crystal violet
material lactone dye
U A Crystal violet lactone
and phase
Thermochromi N/A

Thermochromic Cholesteric liquid crystals microcapsules

Thermochromic Paste containing blue and orange dyes

Rare earth materials and reversible
thermochromatic pigment crystal violet

Thermochromic,
thermosensitive

and luminescent lactone
Thermochromic Light fiber containingSr,ZnSi,0,:Eu*?,
and Dy"3:Y,0,S:Eu*, Mgsp, Ti** and

thermosensitive thermochromic pigment rose red TF-R1

Thermo- and

EieE e Thermochromic inks and graphene oxide

Poly(methyl methacrylate)

Polypropylene fibers Temperature indicator (43)

N/A Protective clothlr}g and (44)
thermoregulation

. Protective clothing (18)
microcapsules

Review of discoloration
mechanism, structures and recent 5)
applications of thermochromic
materials via different methods

N/A

Polyvinylpyrrolidone

fibers General application (46)

Cotton fabric Military (47)
Polyacrylonitrile fiber General application (48)
Polyacrylonitrile fibers Optical and thermal sensors (49)

Multifunctional applications of
elastic visual sensors and (50)
wearable visor

Double-covered yarns
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Characteristics Chromic compound Application

Thermochromic Ultraviolet curable ink
Silica nanocapsules loaded with

AT thermochromic leuco dye

Thermochromic Gold or silver

Thermochromic N/A

Thermochromic
and conductive
Thermochromic
and conductive

TurnThermo pigment

Polypyrrole conducting polymers and
thermochromic materials

Thermochromic Pigment solution

Thermochromic Carbon nanotube

Thermochromic Thermochromic pigments

Thermochromic Conductive wires made of stainless steel

Indigo, 6-bromo indigo and 6,60-dibromo

Thermochromic I
indigo dyes

Complex of doped transition metal with rare

Thermochromic earths
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Non-emissive displays, interior

Polyester and cotton fabric design, art and as indicators in (51)
interactive systems
Polyester fabric N/A (52)
Poly(methyl methacrylate) A
TS General application (53)
Risk assessment of BPA in
N/A thermochromic textiles by (54)
analyzing commercial samples
N/A Biosensing (55)
Cotton with polyester Active visual camouflage or (56)
fabric interactive fabrics
. Clothing for
Nylon/spandex fabric physical exhaustion (57)
- Patterned heating and visual
S 28 T temperature indication (1)
Leather General application (59)
Chinese calligraphy design and
Cotton fabric painting and general traditional (60)
Chinese applications
Textile: three natural fibers
(wool, cotton, and silk);
three cotton-based
synthetics (filament
acetate, filament triacetate,
and viscose — Rayon); N/A (61)
three polyacrylics (SEF,
Creslan 61, and Orlon 75);
two polyesters (Dacron 54
and Dacron 64); Nylon 66;
and polypropylene
Leather Heat-resistant safety products (62)
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Figure 7: Polyester fabrics printed with thermochromic materials (66).

Nonieat state i Starr colour changing

Fully adtivated colour

(FO) wigb oo Jlosl 4z )b (55) 2 Sy S50 5 135, Slge
Dy ]y (@95 Eal 5 (95 (e 3 hes 93 58 wielign sla L]
S8 esliiul 3)5 0 (Jyare slould plow asile bo ol ol
653 oy slad Slas sl g jaalin gyb ulul p g 205 (o
Sl Sl sleaz )byl laiges ¥ IS8 oS o0 a8l Wl &
Syl Sl s as ax )b 5l ole Ceand a5 Sy Sge 5 Olge b ool
Olisn wadoe Ol ) Sl ool o (S 40 (K, b
05 Sl gaie 63, 1) (ol Lo oSl Sng S50 5 3l L
sBb slabzme b ()5 ok glos i o glaisS ey
w295 S5y 2 ol Gl 9B e Tamie (53, ) e 4 e
Sl el 53,05 e 3L I8 Sy, Slubesl b s pa

(FF) o093 o0 5l

o lbilaz b alel g (ol SO o ol 4 T s s
L Sy 50 pReminr il S Ojg0 4 g o |y 0l cpl o)l
1 S5y s s ol 0l 52055 s sl s & G S,
Lo 3l Sy Jlab et 5 Jlab slocls ) g5 e
Sy et S Sl Gales 5 le)S @388 5 oo lame
s 5o LT e 5 IS e S (sl oY ol 08 a5l
Ao Sy s A S o) Sy oolainl 850 (ole )8 aie g4
V) ams g0 (las oo i3 L1955 5 50,8 o ol Sng S50 5 00le
oSe Ly (S 4 (K Sl asilsi oo SS9 5 olse
Soeg S 9055 Slge Glgi o0 55, b (A28 sl 4 anS o

Start colour changing return

non-activated c n\nm#

L

20°C  26°C 27°C  28°C 29°C 30°C 32°C 33°C

>
34°C avesre 30°C 29°C 28°C 27°C 26°C 25°C 24°C

>

A . L

20°C  24°C  25°C  26°C  27°C  28°C 29°C 30°C 31°C

32°C 33°C’ Fewe 28°C  27°C 26°C 25°C 24°C 23°C 2°C

(FY) axad o K5y yis Los 2alS 5 il L aS 555 9 50,8« ] Koy Sge 3 S,y a i S8l
Figure 8: Blue, red and yellow thermochromic dye change with increasing and decreasing temperature (67).

Nonieat state l Starr colour changing

Fully adtivated colour

Start colour L‘hf!ﬂ‘_;t]l‘?‘ return non-activa

ted L\!{UHI*

-

20°C  26°C  27°C  28°C 29°C 30°C 32°C

»
34°C wearc 30°C

26°C  25°C  24°C

29°C  28°C  27°C

V) o> Slyis U Jgome L 50,3 55, 5.9,5 613%55 0be b o Sens Sa 3 S5 5 s A S
Figure 9:Color change mixing thermochromic blue dyes with classic yellow dyes and thermochromic blue with classic red dyes with increasing and
decreasing temperature (67).
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Figure 10: "Dynamic Double Wave I" produced by International Fashion Machines (left). The figure on the right of the textiles (the original image is
cropped), which shows the color changes in the warm areas in the patterned designs (darker colors are changed to bright colors such as light blue,

orange, red and change ) (70).
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Figure 11: Clothes with thermochromic printing research group XS Labs (72).
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Figure 12: (left) in passive and (right) activated state in smart clothing by Calder et al (73).
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